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L = Zr d V = −dLdt






































2.4: ( [3] )





































































if θ small (2.8)
2.2. 13










- Lobula Giant Movement Detector (LGMD)
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Queen’s University Frost nucleus rotundus














S2 + V 2x t2
(2.10)
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• ∆φ 0.6◦ 2.0◦
∆φ





2 · σ (2.13)
• xi :










































































































































0< α <0.6 0.6 < α <0.8 0.8 < α <1.0
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N(t) =   18





2.15: θ∗ . (a) LUT, (b) N
θ∗
(Step2: )
TTC V , L (2.8)
θ
N θ θ∗N N(t)
˙N(t) TTC
1. N θ∗N (θ )
(LookUp Table:LUT)
2. LUT N(t) θ∗
( 2.15).
3. θ˙∗(t) .
θ˙∗(t) = θ¯∗(t)− θ¯∗(t− 1) (2.14)


















5cm 10cm 15cm 20cm
0.5 m/s 1 2 3 4
1.0 m/s 5 6 7 8
1.5 m/s 9 10 11 12























































































































































































































































































TTC τ∗ TTC (Ea = |τ∗ − τ |) Ea = 0.0642,
























































































































































2.36: . (a) . (b)













































































. (b) TTC .
(a)
2.37 α(t)





















2.4GHz CPU(WindowsXP Professional) PC
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(TTC ) 12.3×10−6sec 1 (1x185)
Camus. [42] 17.0ms 2 (256x256)
























































• ) 0.3 0.4
• 0.5 0.6






















Pf (x, y) =

1, if |Lf (x, y)− Lf−1(x, y)| > T and
|Lf−1(x, y)− Lf−2(x, y)| > T
0, otherwise
(3.1)
Pf (x, y) f (x,y) x y
Lf Lf−1 f



















y Pf (x, y) > BT
0, otherwise
(3.2)



































































(A) . (DGB[i, j]f )
(B) . (FBLK[i, j]f )
(C) . (DBLK[i, j]f )
DGB[i, j]f , FBLK[i, j]f , DBLK[i, j]f
DGB[i, j]f =
√
(Xc,f −Xc,f−1)2 + (Yc,f − Yc,f−1)2



























KS 0.0 0.1 0.5
JS (B) KM 0.4 0.6 0.9
KB 0.7 0.85 1.0
KS 0.20 0.40 0.60
(A) JM (B) KM 0.40 0.60 0.80
KB 0.70 0.80 0.90
KS 0.05 0.35 0.65
JB (B) KM 0.45 0.55 0.75
KB 0.75 0.85 0.95
3 1
3 27 α(0 1)
Min-Max [57].
IF (JS)
(KB) (HB) THEN (1.0)
IF (JB)








EMA(t) EMA(t− 1) β(O(t)− EMA(t− 1)) (3.7)
• O(t) : t
• EMA(t) : t EMA( )
• β : β = 2(n+ 1) (0 β 1)
• n :
EMA
EMA(t) EMA(t− 1) β(O(t)− EMA(t− 1)) (3.8)
β



















































































3.10: . (a) (b) (c)







(a) 0 (f) 105
(b) 30 (g) 120
(c) 60 (h) 135
(d) 75 (i) 150
(e) 90 (j) 180
3.11:
62 3 CCD
(a) 0 (d) 120
(b) 30 (e) 150
(c) 60 (f) 210
3.12:
3.3. 63
(a) 0 (d) 120












TTC (Ea = |τ∗−τ |) Ea = 0.11454(sec), (Er = |τ∗−τ |/|τ |)
Er = 15.545%
3.15(b) TTC











































































WITH ( 4.2) Web PC
Web PC USB
LAN PIC
WITH (Wheel type small mobile robot platform




Dimensions Hexagon 200 [mm]
Ommi Wheel x3
Actuator Maxon 4.2[V] 1.2[W]x3
TOSHIBA TA8440H x3
Battery Li-Poly 7.4[V] 1350 [mAh]
Duration 0.5[h]










(a) 0 (a) 0
(b) 30 (b) 30
(c) 60 (c) 60
(d) 70 (d) 70
(e) 80 (e) 80
4.3: :
4.3. 71
(a) 0 (a) 0
(b) 30 (b) 30
(c) 60 (c) 60
(d) 70 (d) 70
(e) 80 (e) 80




















( : ) ( )
4.7 4.7(a) (f)




(a) 0 (d) 40
(b) 15 (e) 50








































4.6: A: ( )
4.3. 75
(a) 10 (d) 40
(b) 20 (e) 50













































4.8: A . (a) , (b)
B.
4.9 4.9(a) (f)
( : ) ( )
C.
4.10 4.10(a) (f)




(a) 0 (d) 40
(b) 20 (e) 50








































4.9: B: ( )
78 4
(a) 0 (d) 45
(b) 20 (e) 40
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